Background the purpose of this study was to determine whether relationships between alcohol intake and atherosclerotic risk factors were different in normotensive and prehypertensive persons.
Hypertension is a major risk factor for cardiovascular disease. JNC VII (The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure) introduced the term "prehypertension, " which is defined as levels of 120-139 mm Hg for systolic blood pressure and 80-89 mm Hg for diastolic blood pressure. 1 Management of prehypertension by lowering blood pressure into a more optimal range can be expected to lower the risk of cardiovascular disease. 2 Treatment for prehypertension includes nonpharmacological lifestyle modifications such as weight loss, 3 dietary alterations, 4 ,5 exercise, 6, 7 and alcohol reduction, 8 while it is still under debate whether drug treatment for prehypertension is beneficial. 9, 10 Habitual alcohol drinking is an important risk factor for hypertension, and recent studies have demonstrated that alcohol is also associated with prevalent prehypertension. [11] [12] [13] [14] Excessive alcohol drinking is associated with high risk for hemorrhagic stroke such as cerebral hemorrhage and subarachnoid hemorrhage, 15 whereas risk for ischemic heart disease is known to be lower in light-to-moderate drinkers. 16 The former harmful effect of alcohol is mainly explained by the blood pressure-elevating action of alcohol, 17 while the latter beneficial effect is explained by actions of alcohol on blood cholesterol profiles such as highdensity lipoprotein (HDL) cholesterol-elevating and low-density lipoprotein (LDL) cholesterol-lowering actions. 18, 19 Although alcohol drinking is regarded as a risk factor for prehypertension, [11] [12] [13] [14] it is not known whether there are differences in relationships of alcohol drinking with other risk factors for atherosclerotic disease between persons with normal blood pressure and persons with prehypertension. Furthermore, it remains to be determined whether light-to-moderate drinking, which is known to be associated with decreased risk of ischemic heart disease in a general population, is beneficial for persons with prehypertension. The aim of this study was therefore to determine the relationships between alcohol consumption and atherosclerotic risk factors, such as obesity, hyperglycemia and dyslipidemia, in persons showing prehypertension. The relationships between alcohol intake and these risk factors in prehypertensive subjects were compared with the relationships in normotensive and hypertensive subjects.
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Methods
Subjects. Subjects were Japanese men aged 35-60 years who had received periodic health checkup examinations and showed normal blood pressure (n = 4,778), prehypertension (n = 9,728) or hypertension (n = 8,096) as defined below. Subjects who were receiving treatment for any illness were requested to state the names of diseases in a questionnaire at the health checkup, and subjects receiving any drug therapy for hypertension were excluded from the subject groups of normal blood pressure and prehypertension. Histories of alcohol drinking and cigarette smoking were also surveyed by questionnaires. All of the subjects were of Japanese origin. A crosssectional study was performed using a local population-based database for the above subjects. This study was approved by the ethics committee of Yamagata University School of Medicine.
Evaluation of alcohol consumption. Average alcohol consumption of each subject per week was reported on questionnaires during health examinations at each workplace. Only regular drinkers who drink almost every day were used as drinkers for analysis in this study. Usual weekly alcohol consumption was recorded in terms of the equivalent number of "go, " a traditional Japanese unit of amount of sake (rice wine). The amounts of other alcoholic beverages, including beer, wine, whisky and shochu (traditional Japanese distilled spirit), were converted and expressed as units of "go. " One "go" contains about 22 g of ethanol, and this amount was used to separate heavy drinkers from light drinkers since it is generally accepted that alcohol intake should be reduced to less than 30 ml or 20-30 g per day from the viewpoint of prevention of hypertension. 1, 20 Average daily alcohol intake (grams of ethanol per day) was then calculated. The subjects were divided into four groups according to ethanol consumption per day (nondrinkers; light drinkers: <22 g of ethanol per day; heavy drinkers: ≥22 g and <44 g of ethanol per day; very heavy drinkers: ≥44 g ethanol per day).
Measurements. Waist circumference was measured at the navel level according to the recommendation of the definition of the Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome. 21 Blood pressure was measured by trained nurses, who were part of the local health-checkup company, with a mercury sphygmomanometer once on the day of the health checkup after each subject had rested quietly in a sitting position. Korotkoff phase 5 was used to define diastolic pressure. Normal blood pressure was defined as systolic blood pressure of <120 mm Hg and diastolic blood pressure of <80 mm Hg. Prehypertension was defined as systolic blood pressure of ≥120 and <140 mm Hg and/or diastolic blood pressure of ≥80 and <90 mm Hg. Hypertension was defined as systolic blood pressure of ≥140 mm Hg and/or diastolic blood pressure of ≥90 mm Hg. In addition, subjects who were receiving drug therapy for hypertension were included in the hypertensive group regardless of blood pressure levels. Fasted blood was sampled from each subject, and serum triglycerides, HDL cholesterol and LDL cholesterol concentrations were measured by enzymatic methods using commercial kits, pureauto S TG-N, chorestest N-HDL and chorestest LDL (Sekisui Medical, Tokyo, Japan), respectively. Hemoglobin A 1C was determined by the latex cohesion method using a commercial kit (Determiner HbA 1c ; Kyowa Medex, Tokyo, Japan).
Evaluation of risk factors. The variables of risk factors for atherosclerosis evaluated in this study were body mass index (BMI), waist circumference, hemoglobin A 1C , triglycerides, HDL cholesterol and LDL cholesterol. The criterion for each risk factor was defined as follows: high BMI, BMI ≥25 kg/m 2 ; large waist circumference, waist circumference ≥85 cm; high hemoglobin A 1C , hemoglobin A 1C >5.8%; high triglycerides, triglycerides ≥150 mg/dl; low HDL cholesterol, HDL cholesterol <40 mg/ dl; high LDL cholesterol, LDL cholesterol ≥140 mg/dl. Subjects receiving treatment for dyslipidemia or diabetes were also included in the above definitions of risk factors. Multiple risk factors were defined as two or more risk factors from abdominal obesity (large waist circumference), hyperglycemia (high hemoglobin A 1C ) and dyslipidemia (high triglycerides and/or low HDL cholesterol).
Statistical analysis. Statistical analyses were performed using a computer software program (SPSS version 16.0 J for Windows; SPSS, Chicago, IL). Mean values of each variable in the subject groups with normal blood pressure, prehypertension, and hypertension were compared using analysis of variance and subsequent Scheffé's F-test. In multivariate analysis, mean values of each variable calculated after adjustment for age and history of smoking were compared among the four alcohol groups using analysis of covariance and then Student's t-test after Bonferroni correction. BMI and history of therapy for dyslipidemia or diabetes were also added to the variables for calculation of means of triglycerides, HDL cholesterol, LDL cholesterol, and hemoglobin A 1C . The prevalences of each atherosclerotic risk factor or ≥2 risk factors were compared using the χ 2 test for independence. In logistic regression analysis, age-and smoking historyadjusted odds ratios of each drinker group vs. the nondrinker group for each risk factor or ≥2 risk factors were calculated. BMI and history of therapy for dyslipidemia or diabetes were also added to the variables for calculation of odds ratios for high triglycerides, low HDL cholesterol, high LDL cholesterol, and high hemoglobin A 1C . Odds ratios of each drinker group vs. the nondrinker group for prehypertension or hypertension in overall subjects were also calculated after adjustment for age, smoking history and BMI. In multiple regression analysis, standardized partial regression coefficients (β) of explanatory variables with each risk factor for atherosclerosis were calculated. In addition to age, history of smoking and alcohol intake, an interaction term (multiplication of alcohol drinking categories by blood pressure categories) was also used as an explanatory variable. In multiple regression analysis, alcohol intake was modeled as an ordinal variable with the coefficient representing increase in the risk factor per category increase in alcohol intake. Because serum triglyceride concentrations might not have fitted a normal distribution, they were used for analysis after log-conversion. Probability (P) values <0.05 were defined as significant.
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Alcohol Consumption and Prehypertension results comparisons of atherosclerotic risk factors among the normotensive, prehypertensive, and hypertensive subject groups Table 1 shows profiles of the subject groups with normal blood pressure, prehypertension, and hypertension. Age was significantly higher in the prehypertensive and hypertensive groups than in the normotensive group and was significantly higher in the hypertensive group than in the prehypertensive group. The percentage of drinker was significantly higher in the prehypertensive and hypertensive groups than in the normotensive group and was significantly higher in the hypertensive group than in the prehypertensive group. The percentage of smokers was significantly lower in the prehypertensive and hypertensive groups than in the normotensive group and was significantly lower in the hypertensive group than in the prehypertensive group. BMI and waist circumference were significantly higher and larger, respectively, in the prehypertensive and hypertensive groups than in the normotensive group and were significantly higher and larger, respectively, in the hypertensive group than in the prehypertensive group. Hemoglobin A 1C , log-converted triglycerides and LDL cholesterol were significantly higher in the prehypertensive and hypertensive groups than in the normotensive group and were significantly higher in the hypertensive group than in the prehypertensive group. HDL cholesterol was slightly but significantly lower in the hypertensive group than in the normotensive and prehypertensive groups. The prevalences of high BMI, large waist circumference, high hemoglobin A 1C , high triglycerides and multiple (≥2) risk factors were significantly higher in the prehypertensive and hypertensive groups than in the normotensive group and were significantly higher in the hypertensive group than in the prehypertensive group. The prevalence of high LDL cholesterol was significantly higher in the prehypertensive and hypertensive groups than in the normotensive group. The prevalence of low HDL cholesterol was significantly higher in the hypertensive group than in the normotensive and prehypertensive groups, while this difference was not shown in the normotensive and prehypertensive groups.
relationships between alcohol intake and occurrences of prehypertension and hypertension
Odds ratios vs. nondrinkers for prehypertension and hypertension after adjustment for age, smoking history, and BMI tended to be higher as alcohol intake increased and were significantly high in the light, heavy and very heavy drinker groups ( Table 2) . relationships between alcohol intake and obesity-related indexes in the normotensive, prehypertensive, and hypertensive subject groups BMI was significantly lower in light and heavy drinkers than in nondrinkers in the normotensive group and was significantly lower in light, heavy, and very heavy drinkers than in nondrink- Means with standard deviations, percentages of drinkers and smokers, and prevalences of atherosclerotic risk factors were compared among the groups of subjects with normal blood pressure, prehypertension, and hypertension. Two or more risk factors were defined as those from large waist circumference, high hemoglobin A 1C , and dyslipidemia (high triglycerides and/or low HDL cholesterol). Light drinkers: <22 g ethanol/day; heavy drinkers: ≥22 and <44 g ethanol/day; very heavy drinkers: ≥44 g ethanol/day. BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein. Significant differences from the subject group with normal blood pressure: *P < 0.01; Significant differences from the subject group with prehypertension: **P < 0.01. 
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Alcohol Consumption and Prehypertension ers in the prehypertensive and hypertensive groups ( Table 3 ).
In the normotensive group, there was no significant difference in BMI of nondrinkers and very heavy drinkers ( Table 3 ). In the normotensive group, waist circumference was significantly larger in very heavy drinkers than in nondrinkers but was not different in non, light and heavy drinkers, while in the prehypertensive and hypertensive groups, waist circumference was significantly smaller in light, heavy, and very heavy drinkers than in nondrinkers ( Table 3) . In logistic regression analysis, both in the normotensive, prehypertensive and hypertensive groups, the odds ratio for high BMI was significantly low in light, heavy and very heavy drinkers ( Table 4 ). In the prehypertensive and hypertensive groups, the odds ratio for large waist circumference was significantly low in light, heavy, and very heavy drinkers, while in the normotensive group, the odds ratio for large waist circumference was significantly low only in light drinkers ( Table 4) . In multiple regression analysis, alcohol intake showed a significant negative correlation with BMI in the normotensive, prehypertensive, and hypertensive groups, and the correlation coefficient tended to be lower as blood pressure increased ( Table 5) . Alcohol intake showed a significant positive correlation with waist circumference in subjects with normal blood pressure but showed a significant negative correlation in subjects with prehypertension or hypertension ( Table 5) . Table 6 shows results of standardized partial regression coefficients of the interaction term (multiplication of alcohol drinking categories by blood pressure categories) with BMI and waist circumference. Significant correlations of the interaction term with BMI and waist circumference were found in all of the drinker groups, except for a marginally significant correlation (P = 0.057) between the interaction term (normotensive vs. prehypertensive and nondrinker group vs. each drinker group) and BMI in light drinkers. Furthermore, significant standardized partial regression coefficients were found between the omnibus interaction term (interaction between hypertension status and the alcohol categories as a whole) and BMI (standardized partial regression coefficient: −0.152, P < 0.01) and between the omnibus interaction term and waist circumference (standardized partial regression coefficient: −0.143, P < 0.01).
relationships of alcohol intake with hemoglobin a 1c and blood cholesterol profile in the normotensive, prehypertensive, and hypertensive subject groups
In all of the normotensive, prehypertensive, and hypertensive groups, hemoglobin A 1C tended to be lower as alcohol intake increased, and there was a significant difference in hemoglobin A 1C between the nondrinker group and each drinker group ( Table 3) . In all of the normotensive, prehypertensive, and hypertensive groups, HDL cholesterol and LDL cholesterol tended to be higher and lower, respectively, as alcohol intake increased, and there were significant differences in HDL cholesterol and LDL cholesterol between the nondrinker group and each drinker group ( Table 3) . The odds ratio vs. nondrinkers for high hemoglobin A 1C was significantly low in heavy and very heavy drinkers in the normotensive group, was significantly low in heavy drinkers in the prehypertensive group, and was significantly low in all of the drinker groups in the hypertensive group ( Table 4) . In all of the normotensive, prehypertensive, and hypertensive groups, the odds ratios vs. nondrinkers for low HDL cholesterol and high LDL cholesterol were significantly low in light, heavy, and very heavy drinkers ( Table 4) . Alcohol intake showed significant negative correlations with hemoglobin A 1C and LDL cholesterol and showed a significant positive correlation with HDL cholesterol in all of the normotensive, prehypertensive, and hypertensive groups ( Table 5) . Asterisks denote significant differences from nondrinkers (*P < 0.05; **P < 0.01).
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relationships between alcohol intake and triglycerides in the normotensive, prehypertensive, and hypertensive subject groups
In all of the normotensive, prehypertensive, and hypertensive groups, log-converted triglycerides was significantly higher in very heavy drinkers than in nondrinkers, while no differences in log-converted triglycerides were found among non, light and heavy drinkers ( Table 3) . The odds ratio for high triglycerides was significantly high in very heavy drinkers of all of the normotensive, prehypertensive, and hypertensive groups, while the odds ratio for high triglycerides was significantly low in light drinkers of the prehypertensive and hypertensive Odds ratios with 95% confidence intervals in parentheses are shown. Age and history of smoking were adjusted for calculation of odds ratios. Body mass index and history of therapy for dyslipidemia or diabetes mellitus were also adjusted for calculation of odds ratios for high triglycerides, low HDL cholesterol, high LDL cholesterol and high hemoglobin A 1C . Two or more risk factors were defined as those from large waist circumference, high hemoglobin A 1C and dyslipidemia (high triglycerides and/or low HDL cholesterol). Light drinkers: <22 g ethanol/ day; heavy drinkers: ≥22 and <44 g ethanol/day; very heavy drinkers: ≥44 g ethanol/day. BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein. Asterisks denote significantly low or high odds ratios (*P < 0.05; **P < 0.01).
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Alcohol Consumption and Prehypertension groups ( Table 4) . In all of the normotensive, prehypertensive and hypertensive groups, there was a significant positive correlation between alcohol intake and log-converted triglycerides ( Table 5) .
relationships between alcohol intake and multiple (≥2) risk factors in the normotensive, prehypertensive, and hypertensive subject groups
Odds ratio for multiple risk factors (two or more risk factors from large waist circumference, high hemoglobin A 1C and dyslipidemia (high triglycerides and/or low HDL cholesterol)) was compared among the blood pressure groups ( Table 4 ).
The odds ratio vs. nondrinkers for multiple risk factors was significantly low in light, heavy and very heavy drinkers in the prehypertensive and hypertensive groups and was significantly low in light and heavy drinkers but not in very heavy drinkers in the normotensive group (Table 4) .
discussion
The results of multivariate analysis of means of BMI and waist circumference and the results of logistic regression analysis and multiple regression analysis for the relationships of alcohol intake with BMI and waist circumference lead to the conclusion that the association of alcohol intake with a lower occurrence of obesity is more prominent in persons with prehypertension and hypertension than in persons with normal blood pressure. Both odds ratios of drinkers vs. nondrinkers for the obesity-related indexes and standardized partial regression coefficients between alcohol intake and the obesity-related indexes tended to be lower in subjects with hypertension than in subjects with prehypertension. These findings suggest that the degree of the inverted association between alcohol intake and obesity becomes stronger as blood pressure increases. On the other hand, the associations of alcohol intake with a higher occurrence of high triglycerides and lower occurrences of high hemoglobin A 1C , low HDL cholesterol, and high LDL cholesterol were comparable among normotensive, prehypertensive, and hypertensive subjects. The magnitudes of alcohol's relationships to lipids such as HDL cholesterol and LDL cholesterol were larger than the magnitudes of alcohol's relationships to obesity-related indexes such as BMI and waist circumference. This study is the first study demonstrating the relationships of alcohol consumption with atherosclerotic risk factors in prehypertensive or hypertensive persons in comparison with those in normotensive persons. The findings of previous studies on the relationship between alcohol intake and obesity are controversial. 22 Although information on calorie intake of subjects was not available in this study, one possible explanation for the stronger association of alcohol with the lower occurrence of obesity in the prehypertensive and hypertensive groups is that drinkers with prehypertension and hypertension might be more prone to restrict calorie intake for maintaining good health, due to awareness of high blood pressure, compared with drinkers with normal blood pressure. The present study demonstrated that alcohol drinking was associated with lower occurrences of cardiovascular risk factors such as obesity, abnormal cholesterol profile, and hyperglycemia in all of the normotensive, prehypertensive, and hypertensive subject groups. This may agree with the finding of a recent study that alcohol drinking was associated with a lower risk of total mortality regardless of hypertensive status, 23 since cardiovascular disease is a leading cause of death in most developed countries.
In subjects with prehypertension, occurrences of obesity, lowered HDL cholesterol, and elevated LDL cholesterol were lower in all of the drinker groups than in the nondrinker group. However, odds ratio vs. nondrinkers for prehypertension was significantly high in light, heavy, and very heavy drinkers than Standardized partial regression coefficients between alcohol intake and each atherosclerotic risk factor are shown. In addition to alcohol intake, age and history of smoking were added to explanatory variables. Body mass index and history of therapy for diabetes or dyslipidemia were also added to explanatory variables for analyses of relationships of alcohol intake with hemoglobin A 1C , log-converted triglycerides, HDL cholesterol or LDL cholesterol. BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein. *P < 0.05; **P < 0.01. Standardized partial regression coefficients of interaction term of alcohol intake and blood pressure (prehypertension or hypertension) are shown. Alcohol intake categories, blood pressure categories, interaction term (multiplication of alcohol drinking categories by blood pressure categories), age and history of smoking were used as explanatory variables. Light drinkers: <22 g ethanol/day; heavy drinkers: ≥22 and <44 g ethanol/day; very heavy drinkers: ≥44 g ethanol/day. Significant standardized partial regression coefficients: *P < 0.05; **P < 0.01. A marginally significant standardized partial regression coefficient: ***P = 0.057.
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Alcohol Consumption and Prehypertension in nondrinkers, and there was a dose-response relationship between alcohol consumption and prevalent prehypertension. Moreover, BMI, waist circumference and hemoglobin A 1C , triglyceride and LDL cholesterol levels were significantly higher in subjects with prehypertension than in subjects with normal blood pressure in the present study. These findings agree with findings of previous studies that showed associations of prehypertension with higher occurrences of obesity, dyslipidemia, and diabetes. [24] [25] [26] [27] Prehypertension is associated with an increased incidence of cardiovascular disease, particularly in persons with blood pressure levels in the range of 130-139/85-89 mm Hg. 28, 29 Thus, alcohol drinking has two opposite aspects for atherosclerosis in relation to prehypertension: Alcohol intake is associated with lower occurrences of atherosclerotic risk factors such as obesity, hyperglycemia, elevated LDL cholesterol, and lowered HDL cholesterol in persons with prehypertension as well as in persons with normal blood pressure, whereas alcohol intake is associated with a higher occurrence of prehypertension, which has recently been known as a risk factor for cardiovascular disease.
The effect of alcohol drinking on the occurrence of multiple risk factors for atherosclerosis is determined by the sum of alcohol effects on each risk factor. In the present study, odds ratio vs. nondrinkers for two or more risk factors from obesity, hyperglycemia, and dyslipidemia was significantly low in light, heavy, and very heavy drinkers in subjects with prehypertension and hypertension and was significantly low in light and heavy drinkers but not in very heavy drinkers in subjects with normal blood pressure. A lower occurrence of large waist circumference in very heavy drinkers than in nondrinkers was also found in the prehypertensive and hypertensive groups but not in the normotensive group, while the associations of alcohol intake with other variables such as hemoglobin A 1C , triglycerides, HDL cholesterol, and LDL cholesterol were comparable in the normotensive, prehypertensive, and hypertensive groups. Therefore, the above differences in the odds ratio for two or more risk factors in very heavy drinkers may be explained by the differences in the relationship of alcohol intake with waist circumference between the prehypertensive and normotensive groups and between the hypertensive and normotensive groups.
The limitations of this study are as follows. Blood pressure was measured only once in an office setting, and this could cause blood pressure misclassification and biased results in this study. Although age, history of smoking, and history of therapy for each risk factor were adjusted in multivariate analysis, relationships between alcohol intake and risk factors are possibly confounded by a variety of factors including food intake, physical activity, socioeconomic status, and genetic polymorphism of alcohol-metabolizing enzymes. Information on these confounding factors was unfortunately not available in this study. In addition, information on the kind of alcohol beverage was not available, although the kind of alcohol beverage has been shown not to be associated with higher risks of hypertension 30 and metabolic syndrome. 31 The population size of subjects who regularly consumed very large amounts of alcohol (≥66 g ethanol/day) was much smaller (n = 763) than the other alcohol groups shown in Table 1 . Moreover, high alcohol consumption is known as a potent risk factor for hypertension, and in fact, prevalence of prehypertension or hypertension in this group of very large amounts of alcohol consumption was very high (86.2%), resulting in a further smaller population size of subjects with normal blood pressure (n = 105). Accordingly, analysis of the group of very large amounts of alcohol consumption could not be performed in this study. Since it is difficult to know the correct average alcohol consumption of occasional drinkers, only regular drinkers who drank almost every day were used as drinkers for analysis, and persons who reported drinking on an infrequent basis were excluded in this study. Therefore, subjects with a history of binge drinking, which is known to increase the risk of cardiovascular disease, 32, 33 were not included in the subjects of this study. Since the number of binge drinkers was also much smaller than the numbers of the other alcohol groups in the original database used in this study, further studies are needed to determine the relationships between binge drinking and atherosclerotic risk factors including prehypertension. All subjects of this study were men, and there is a need in future studies to clarify the relationships between alcohol intake and risk factors for atherosclerosis in women with prehypertension. This focus of study is of interest since the association of alcohol intake with a higher occurrence of hypertension has been shown to be less prominent in women than in men. 34 Circadian blood pressure variation such as an increase in blood pressure after waking has recently been shown to be associated with alcohol drinking. 35 It is thus of interest to know whether influence of alcohol drinking on circadian blood pressure variation is altered by prehypertensive status, and further studies are needed for this purpose.
In conclusion, both in persons with normal blood pressure and prehypertension, alcohol intake was associated with lower occurrences of obesity, hyperglycemia, elevated LDL cholesterol, and lowered HDL cholesterol and was associated with a higher occurrence of hypertriglyceridemia. The lower occurrence of obesity in drinkers was more prominent in persons with prehypertension than in persons with normal blood pressure. The finding of an association between alcohol drinking and higher likelihood of prehypertension suggests that the influence of alcohol drinking on incidental stroke and coronary heart disease will likely differ, since stroke is more directly related to blood pressure than is coronary heart disease. Further prospective studies are needed to clarify causal relationships between alcohol intake and atherosclerotic risk factors in persons with prehypertension.
